The pathogenesis of alcoholic pancreatitis is not fully understood. An increase in pancreatic digestive and lysosomal enzyme synthesis because of ethanol consumption could contribute to the development of pancreatic injury in alcoholics. This study aimed, firstly, to determine the effect of ethanol on the content and messenger RNA levels of pancreatic digestive enzymes and on the messenger RNA level of the lysosomal enzyme cathepsin B, and secondly, to examine the influence of concomitant protein deficiency ( (Gut 1995; 36: 287-293) 
have shown increased rates of synthesis of digestive enzymes in pancreatic acini from rats fed ethanol. Our group7 and others8 have also previously reported that chronic ethanol administration to rats increases the pancreatic content of cathepsin B (a lysosomal enzyme known to be capable of activating trypsinogen9 10).
The above ethanol related effects on pancreatic digestive and lysosomal enzymes may be mediated by increased messenger RNA levels for these enzymes. This hypothesis, however, has not been investigated previously.
Protein deficiency is a known association of pancreatic injury1 and of alcoholism.12
Messenger RNA levels for pancreatic digestive enzymes are known to be altered in response to protein deprivation.'3 The influence of concomitant protein deficiency on content and mRNA levels of pancreatic digestive enzymes has not, however, been studied in rats fed ethanol. This study aimed to determine:
(1) The effect of chronic ethanol consumption on pancreatic content and messenger RNA levels of four major digestive enzymeslipase, trypsinogen, chymotrypsinogen, and amylase in rats; (2) and was supplemented with regular vitamins and minerals. As described previously,5 care was taken to supplement the diets with adequate choline so that protein deficiency could be studied in the absence of choline deficiency, to which rats are more prone than humans.
Rats were killed by decapitation. In the 24 hour period before killing, the daily quota of liquid diet for each rat was divided into equal amounts and administered at fixed intervals so that the rate at which the diet was ingested was the same for each rat in the quartet. The regulation of energy intake in this way is an important factor for any study examining the effects of dietary constituents on pancreatic digestive enzymes. Northern blots (Fig 1) for each enzyme using RNA from a quartet of animals showed that the mRNA detected was of the expected size without any degradation. The density of ,B-actin (internal control) bands was similar in all four groups and confirmed that there was equal loading of RNA on the filters. Dot blots of RNA from a representative quartet of rats are shown in Figure 2 . Results of densitometry of dot blots of RNA from all animals are shown in Table III. mRNA   concentrations for 1-actin (internal control) were similar in all four groups and confirmed that there was equal loading of RNA on the filters.
Ethanol effects Rats fed ethanol had significantly higher mRNA levels for lipase, trypsinogen, and chymotrypsinogen. mRNA concentrations for the lysosomal enzyme cathepsin B were increased almost twofold, while those for amylase were reduced to one eighth of control values.
Protein deficiency effects
Protein deficient animals showed a fourfold increase in mRNA levels for trypsinogen compared with protein sufficient controls. mRNA levels for chymotrypsinogen were also increased while those for lipase remained unchanged. Amylase mRNA values were significantly lower in protein deficient rats. mRNA levels for the lysosomal enzyme, cathepsin B, were significantly higher in protein deficient animals.
Influence of concomitant protein deficiency on ethanol effects
The effect of ethanol on mRNA levels for lipase, chymotrypsinogen, amylase, and the lysosomal enzyme cathepsin B persisted in the presence of concomitant protein deficiency. and lysosomal enzymes is significantly increased after chronic ethanol consumption in both protein sufficient and protein deficient states. With respect to the glandular enzyme content (Table II) , ethanol administration resulted in higher lipase levels in rat pancreas, while the trypsinogen and chymotrypsinogen contents remained unchanged. In contrast, the pancreatic amylase content was considerably lower in rats fed ethanol. The observed reduction in the content of pancreatic amylase in ethanol fed rats (Table II) has been reported previously.26 Part of this effect is probably related to the lower carbohydrate content of the diet containing ethanol. Messenger RNA levels for amylase were also reduced after chronic ethanol consumption and may represent an adaptive response of the cell to the reduced carbohydrate content of the diet containing ethanol because mRNA levels for amylase are known to be regulated by the dietary carbohydrate content. In this study, the increased capacity for synthesis of digestive enzymes as a result of increased mRNA levels did not seem to be fully expressed in the cell. In rats fed ethanol as part of a nutritionally adequate diet, the observed difference between changes in mRNA levels and digestive enzyme content could have a number of explanations:
( In protein deficient rats, the observed difference between changes in mRNA levels and protein content is probably due to the limited availability of dietary amino acids preventing the acinar cell from responding fully to the increased levels of digestive enzyme mRNA.
In contrast to the differences in mRNA levels and glandular content observed with digestive enzymes, a close correlation was observed between the ethanol induced increase in mRNA levels for the lysosomal enzyme cathepsin B and the previously reported increase in pancreatic content of the enzyme (94 1% v 102.3% respectively).7
The morphology of the pancreas in the animal model used in this study has been described previously. 30 31 There was no evidence of organelle damage or vacuole formation (at both light and electron microscopic levels) in this model. It therefore permitted a study of the effects of ethanol and protein deficiency on protein and mRNA levels without the confounding variables which would have been introduced by the presence of inflammation and cell necrosis. The observed changes in gene expression and enzyme levels are therefore attributable to ethanol as such and are not secondary to any inflammatory change in the gland.
This study has shown that chronic ethanol consumption, even in the presence of protein deficiency, significantly increases the capacity (at the mRNA level) of the acinar cell for synthesis of digestive enzymes as well as the lysosomal enzyme cathepsin B. The results of this study may be of relevance to those hypotheses which postulate a role for pancreatic enzymes in ethanol related pancreatic injury including:
(1) Intraductular protein precipitation' causing ductular obstruction and acinar cell atrophy and fibrosis; and (2) Premature intraglandular activation of digestive enzymes occurring as a direct toxic effect of ethanol on acinar cells,2 or secondary to ethanol-induced sphincteric dysfunction. 3 It is possible that the observed ethanol induced changes in pancreatic enzymes, while insufficient to cause pancreatitis themselves, may predispose the pancreas to injury in the presence of an appropriate, as yet undefined, trigger factor. In this regard, it is of interest to note that chronic ethanol administration has been recently reported to increase the severity of careulein-induced pancreatitis in rats.32
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